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Human research participants
Policy information about studies involving human research participants and Sex and Gender in Research. 

Reporting on sex and gender

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

“PRJEB37249 [https://www.ebi.ac.uk/ena/browser/view/PRJEB37249]”, “PRJEB38742 [https://www.ebi.ac.uk/ena/browser/view/PRJEB38742]”, “PRJEB41311
[https://www.ebi.ac.uk/ena/browser/view/PRJEB41311]” and “PRJEB46098[https://www.ebi.ac.uk/ena/browser/view/PRJEB46098]”. The Serum GC-MS and
isotopically quantified serum metabolites (UPLC–MS/MS) that have been used in this study are deposited in MassIVE with accession numbers “MSV000088042
[https://doi.org/doi:10.25345/C5CV76]” and “MSV000088043[https://doi.org/doi:10.25345/C58246]”, respectively.

In adherence to EU and national privacy laws, patient phenotypic data will be made available to bona fide researchers upon request, from the corresponding
authors, following approval by the relevant EU and national Data Protection Agencies. Corresponding authors will advise interested researchers about the correct
procedure to make such applications within 5 working days but will not share any costs or make the application on their behalf. Source data are provided with this
paper.

Our study comprises 864 Female and 890 Male individuals. Therefore, our study findings apply to both sexes. For French and
Danish patients biological sex was assigned at recruitment by a physician. For German patients biological sex was taken from
the patient's insurance card and was assigned at birth.

Patients were subclassified in three groups: BMI-spectrum patients (BMIS; N=837), encompassing MetaCardis participants
presenting with metabolic syndrome-related risk factors or conditions (hypertension, obesity and metabolic syndrome) and
patients diagnosed with type-2 diabetes (T2D; N=561) or ischaemic heart disease (IHD; N=356). The IHD group comprised
patients with Acute (<15days) Coronary Syndrome (ACS; N=106), Chronic IHD (CIHD; N=157) with normal Left Ventricular
Ejection Fraction (LVEF) determined by echocardiography and Heart Failure patients (HF; N=93, LVEF<45%). Subgroup
characteristics are appended in Supplemental Table 1.

MetaCardis is a cross-sectional study that recruited individuals at increasing stages of dysmetabolism and IHD severity
(ranging from metabolically healthy, metabolic syndrome and/or obesity, T2D, IHD), aged 18–75 years old and recruited from
Denmark, France and Germany between 2013 and 2015. Patients under care of the participating hospitals were invited to
enroll where fulfilling the criteria of the study and healthy controls were recruited via public advertisement. Study
participants provided written informed consent and the study was undertaken according to Helsinki Declaration-II.

Ethical approval was obtained from the Ethics Committee CPP Ile-de France, the Ethical Committees of the Capital Region of
Denmark (H-3-2013-145) and Ethics Committee at the Medical Faculty at the University of Leipzig (047-13-28012013)

No prior power calculation was carried out but sample size is comparable to that of the MetaCoronary study (Fromentin S, et al. Microbiome
and metabolome features of the cardiometabolic disease spectrum. Nat Med 2022;28:303-314.doi:10.1038/s41591-022-01688-4), which was
adequately powered.

No subjects for whom data was available were excluded during analysis.

We replicate the main finding of our study suggesting direct effect of TMAO on the kidney using primary human fibroblasts and the gold-
standard animal model of kidney fibrosis in the absence of other co-morbidities. For the cellular studies there were 3 independent biological
repeats. The animal study was conducted once with 6 animals per experimental group. All experimental groups were treated concurrently.

The reno-protective properties of Glucagon-like peptide-1 receptor agonists (GLP-1RAs), have been reported in large trials (Shaman AM, et al.
Effect of the Glucagon-Like Peptide-1 Receptor Agonists Semaglutide and Liraglutide on Kidney Outcomes in Patients With Type 2 Diabetes:
Pooled Analysis of SUSTAIN 6 and LEADER. Circulation 2022;145:575-585), referenced in our manuscript and therefore we do not attempt to
replicate this here.

In the human part of the study no intervention or experiment was made, only observation. Therefore, since there is no intervention to
randomize, randomization is neither applicable nor relevant. In the animal study, mice were randomly assigned to experimental groups.
Moreover, animals were purchased at the same time from the same supplier and housed in the same room. Dietary intervention was initiated
after a 10-day acclimatization period and all experimental groups were treated concurrently. Additionally, surgical procedures and subsequent
culling were performed on the same day at a random order.



3

n
atu

re
p

o
rtfo

lio
|

rep
o

rtin
g

su
m

m
ary

M
a

rch
2021

Blinding

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

Analysts (data managers, statisticians, bioinformaticicans) were blinded by having access only to pseudonymized data, and performed no
manual analyses - all statistics and visualization were undertaken using computer software. As such, no analysts awareness of any group
allocation (diagnosis) affected outcomes of any statistical analysis, and only results of such analysis in aggregate were used to draw
conclusions and for interpretations of results. In this sense analysis is as blinded as is at all possible in an -omics biomarker study, and in line
with standards of the field.

The experimentalists in the animal and cell-based part of our study were not blinded. This is because cellular experiments and phenotypic
analyses of the animals were conducted by one person and therefore blinding was not practical.

The following antibodies were used in the present study with dilutions in parentheses: From Cell Signaling Technology, Phospho-
p44/42 MAPK (Erk1/2) (Thr202/Tyr204) Antibody (1:3000) #9101, p44/42 MAPK (Erk1//2) Antibody (1:5000) #9102, Phospho-Smad3
(Ser423/425) (C25A9) Rabbit mAb (1:1000) #9520, Phospho-p70 S6 Kinase (Thr389) Antibody (1:1000) #9205, Phospho-S6 Ribosomal
Protein (Ser235/236) Antibody (1:1000) #2211, Phospho-4E-BP1 (Ser65) Antibody (1:1000) #9451, Vimentin (R28) antibody (1:1000)
#3932. From Sigma-Aldrich, monoclonal anti-actin, !-Smooth Muscle (clone 1A4) A2547 (1:10000), monoclonal Anti-!-Tubulin
antibody (clone DM1A; 1:10000) T9026, anti-"-actin antibody (clone AC-74, 1:10000) A2228.

For immunohistochemistry, the Anti-F4/F80 (Cl:A3-1) antibody (1:50) from Biorad (MCA497) was used.

All the antibodies were sourced commercially and extensively reported in the literature and validated by the vendors. Therefore, no
specific validation was performed. Below the vendor websites for each antibody where its validation is described. Where available
citations in the literature are also given for each antibody.

Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) Antibody #9101,

https://www.cellsignal.com/products/primary-antibodies/phospho-p44-42-mapk-erk1-2-thr202-tyr204-antibody/9101?site-search-
type=Products&N=4294956287&Ntt=%239101&fromPage=plp&_requestid=878708. (7878 citations)

p44/42 MAPK (Erk1//2) Antibody (1:5000) #9102,

https://www.cellsignal.com/products/primary-antibodies/p44-42-mapk-erk1-2-antibody/9102?site-search-
type=Products&N=4294956287&Ntt=%239102&fromPage=plp&_requestid=878862. (15792 citations)

Phospho-Smad3 (Ser423/425) (C25A9) Rabbit mAb (1:1000) #9520,

https://www.cellsignal.com/products/primary-antibodies/phospho-smad3-ser423-425-c25a9-rabbit-mab/9520?site-search-
type=Products&N=4294956287&Ntt=%239520&fromPage=plp&_requestid=879127. (770 citations)

Phospho-p70 S6 Kinase (Thr389) Antibody (1:1000) #9205,

https://www.cellsignal.com/products/primary-antibodies/phospho-p70-s6-kinase-thr389-antibody/9205?site-search-
type=Products&N=4294956287&Ntt=%239205&fromPage=plp&_requestid=879237. (1698 citations)

Phospho-S6 Ribosomal Protein (Ser235/236) Antibody (1:1000) #2211,

https://www.cellsignal.com/products/primary-antibodies/phospho-s6-ribosomal-protein-ser235-236-antibody/2211?site-search-
type=Products&N=4294956287&Ntt=%232211&fromPage=plp&_requestid=879346. (1405 citations)

Phospho-4E-BP1 (Ser65) Antibody (1:1000) #9451,

https://www.cellsignal.com/products/primary-antibodies/phospho-4e-bp1-ser65-antibody/9451?site-search-
type=Products&N=4294956287&Ntt=%239451&fromPage=plp&_requestid=879460. (507 citations)

Vimentin (R28) antibody (1:1000) #3932.

https://www.cellsignal.com/products/primary-antibodies/vimentin-r28-antibody/3932?site-search-




